Objective: To determine the influence of weight loss on multiple cardiovascular disease (CVD) risk factors. Design: Overweight women (n ¼ 12; mean 44.2% fat) and men (n ¼ 10; mean 30.7% fat) participated in an 8 week weight-loss program that included dietary, exercise, multi-vitamin=mineral supplementation, and behavior modification components. Measurement of total and regional body composition assessed using dual energy X-ray absorptiometry (DEXA), circumferences and blood sampling for total cholesterol, LDL cholesterol, HDL cholesterol, triacylglycerols, homocysteine, insulin and leptin were performed before and after the weight loss intervention. Results: Subjects increased their physical activity and decreased their energy intake, resulting in a mean decrease in body mass of 7 4.3 AE 3.4 kg in women and 7 4.7 AE 3.1 kg in men. Fat accounted for 88 and 58% of the decrease in body mass in men and women, respectively. Proportionally, men lost significantly more fat mass from the trunk region compared to women. Serum total and LDL cholesterol were significantly decreased in men ( 7 11 and 7 14%, respectively) but not women ( 7 3 and 7 3%, respectively) and there were no changes in HDL cholesterol and triacylglycerols. Serum leptin was significantly decreased ( 7 36%) and highly correlated to fat mass (r ¼ 0.839). There were no changes in serum insulin and plasma homocysteine. Conclusions: These data indicate that short-term weight loss resulting from reducing percentage energy from fat, increasing physical activity and vitamin=mineral supplements including folic acid has a favorable effect on regional body composition and total and LDL cholesterol with minimal effects on HDL cholesterol, triacylglycerols, homocysteine and insulin and the effects are greater in men compared to women. Supplementation with folic acid or emphasis on folic acid-rich foods may be an important component of a weight loss program to prevent increases in homocysteine.
Introduction
Weight loss generally results in beneficial effects on many cardiovascular (CVD) risk factors (Wood et al, 1991) , however few studies have documented the effects of short-term reductions in body weight on multiple CVD risk factors simultaneously and compared these responses between men and women. The importance of such an approach resides in the fact that CVD is the leading cause of death in the United States. Several biochemical markers have been identified as risk factors for CVD including elevated serum total cholesterol and LDL cholesterol (Gordon et al, 1981) , triacylglycerols (Austin et al, 1998) , homocysteine (Perry et al, 1995) , insulin (Yri-Jarvinen & Westerbacka, 2000) , and reduced HDL cholesterol (Gordon et al, 1989) . Obesity is associated with adverse effects on each of these risk factors and increases CVD risk (Manson et al, 1990) . Specifically, an increase in abdominal obesity is associated with hyperinsulinemia, dyslipidemia and CVD (Bjorntorp, 1991) . Studies specifically addressing how reductions in body fat and changes in regional body composition impact a composite of CVD risk factors are limited. For example, mounting evidence from epidemiological studies indicate that moderately elevated plasma homocysteine is an independent risk factor for arterial disease (Perry et al, 1995; Stampfer et al, 1992; Wald et al, 1998 ), yet few studies have addressed how weight loss affects homocysteine (Borson-Chazot et al, 1999; Henning et al, 1998) . There is also limited data comparing gender differences in CVD risk factor responses to weight loss. Our prior work indicates men may respond more favorably in terms of weight loss and blood lipid responses (Kraemer et al, 1997 (Kraemer et al, ,1999 .
Over one-half of American adults are classified as overweight (body mass index (BMI) ! 25.0 kg=m 2 ) and this percentage has been consistently rising, most dramatically in recent years in both genders (Kuczmarski et al, 1994) . A sedentary lifestyle and overconsumption of energy-dense foods is generally agreed to be responsible for the increased prevalence of obesity. A large number of weight loss programs are currently promoted to the public that incorporate a wide range of dietary and exercise strategies to achieve weight loss. With few exceptions (Kaats et al, 1998) , the efficacy of weight loss programs promoted to the public and specific product claims have not been validated in scientific studies. Reliable information on expected outcomes and potential benefits, especially as it relates to CVD risk, may provide motivation and help set goals in weight management programs.
The primary purpose of this study was to examine the short-term effects of a weight loss program focusing on reducing percentage energy from fat, increasing exercise, and multi-vitamin=mineral supplementation on the serum= plasma concentrations of CVD risk factors and regional body composition in overweight men and women. We hypothesized that weight loss would have beneficial effects on blood lipid profiles, insulin and regional body composition and that the responses would be greater in men vs women.
Methods

Experimental approach
In order to address experimental research hypotheses, overweight men and women participated in an 8 week weight loss program that included dietary, exercise, supplement and behavior modification components. Assessment of total body and regional composition, circumferences and blood sampling were performed before and after the weight loss intervention. All subjects began the weight loss program together in order to allow for coordination of weekly group education meetings, which were implemented between the months of July and September.
Subjects
Twelve overweight women (age, 42.4 AE 7.7 y) and 10 overweight men (39.7 AE 11.0 y) participated in the study. All subjects were required to have a body fat ! 20%. Based on initial testing, percentage body fat ranged from 20 to 40% in men and from 35 to 57% in women. All subjects were healthy and demonstrated no endocrine, orthopedic, or any other pathological disorders, except for being overweight. Prior to the study, about one-half of the subjects were sedentary, several walked two to three times per week, and a few were involved in recreational-type exercise (biking, tennis, basketball) and=or weightlifting two to three times per week. Eight additional men were asked not to change their diet or activity patterns for 8 weeks in order to demonstrate stability of our measures. Prior approval by the Institutional Review Board for Use of Human Subjects was obtained for the investigation and informed consent was obtained from each subject.
Weight-loss program
The weight-loss program followed general guidelines for reducing dietary fat and increasing exercise as well as instruction on behavior modification and nutritional supplements (multi-vitamins and minerals, calcium and magnesium, Korean Panax ginseng extract, and chromium and vanadium; Table 1 ). Nutritional supplements were included as part of the program to ensure adequate micronutrient intake during the study with particular emphasis on essential minerals that are often marginally deficient in the diet (Kumpulainen, 1992) . Our objective was to achieve a weight loss of approximately 5 kg by moderate dietary energy restriction and increased energy expenditure over the 8 weeks. Subjects consumed a self-selected diet comprising commercially available food products in a free-living environment. To facilitate weight loss, subjects were required to attend weekly group meetings led by a registered dietitian. The weekly sessions focused on behavior modification techniques and implementation of a well-balanced low-fat eating plan for weight loss. Nutritional education emphasized methods to reduce dietary fat while incorporating the principles of variety, balance and moderation. Meetings covered In addition to nutrition education, subjects began a supervised exercise program four to five times per week in our exercise facilities. Subjects were allowed to choose from a variety of exercises (walking, jogging, cycling, rowing, Stairmaster) to minimize boredom and enhance compliance. Subjects recorded the type of exercise, duration and heart rates for all exercise sessions. Exercise duration and intensity were prescribed and progressed individually based on the level of conditioning and in accordance with the American College of Sports Medicine (1995) guidelines for exercise prescription.
Documentation
Subjects recorded all food and beverage intake during the first and the last week of the study. Three representative days were selected by the same registered dietitian and analyzed for total food energy and nutrient content (Nutritionist V, Version 2.1, N-Squared Computing, First Databank Division, The Hearst Corporation, San Bruno, CA, USA). In addition, all exercise training durations and intensities were recorded. Finally, subjects recorded daily achievement of nutritional, exercise and behavioral goals on self-monitoring charts to identify potentially problematic areas that required more attention.
Body composition and circumferences
Body mass was determined on a calibrated clinical scale with subjects wearing a bathing suit. Two circumferences measurements less than 2 mm apart were determined by the same investigator on the right side of the body at the upper arm, chest, waist, hips, thigh and calf (Lohman et al, 1988) . Body composition was obtained by dual-energy X-ray absorptiometry (DEXA) using a total body scanner (Prodigy TM , Lunar Corporation, Madison, WI, USA) that uses a constant potential X-ray source of 76 kVp and a cerium filter that produces dual-energy peaks of 38 and 62 keV. Subjects remained motionless in the supine position for approximately 6 min while the scanning arm of the DEXA passed over their body from head to toe in parallel 1 cm strips. The DEXA separates the body into two compartments, bone mineral and soft tissue. Soft tissue is further separated into fat-free (lean) and fat soft tissue mass. Percentage body fat from DEXA testing was calculated as fat tissue mass divided by the total soft tissue mass plus the estimated bone mineral content. Fat-free mass was calculated as lean soft tissue plus bone mineral content. Regional analyses of the trunk, arm and leg regions were automatically calculated according to anatomical landmarks by the computer software. All analyses were performed by the same technician using computer algorithms (software version 1.20.020). Quality assurance was assessed by analyzing a phantom spine provided by the company and daily calibrations were performed prior to all scans using a calibration block provided by the manufacturer. Intra-class correlation coefficients > 0.98 were obtained from repeated scans of ten subjects performed on consecutive days for bone mineral content, fat-free mass and fat mass in our laboratory.
Blood collection and analyses
Blood was obtained from a forearm vein after a 12 h overnight fast at the same time of the morning before and after the study. To control for possible menstrual influences on the dependent variables, pre-and post-intervention blood was obtained during the same point during the menstrual cycle for each woman. Menstrual phase has minimal effects on leptin (Teirmaa et al, 1998; Yamada et al, 2000) and moderate effects ( < 15%) on homocysteine (De Cree et al, 1999; Tallova et al, 1999) . Blood was collected into a 10 ml vacutainer tube with a clot activator and a 5 ml vacutainer containing EDTA. Within 15 min, whole blood was centrifuged at 3000 g for 15 min at 10 C and the resultant serum= plasma divided into aliquots and immediately stored frozen at 7 80 C. Samples were later thawed (within 1 month) for determination of serum total cholesterol, HDL cholesterol and triacylglycerols using enzymatic techniques (Sigma Diagnostics, St Louis, MO, USA) and spectrophotometric analysis (Spectronic 601, Milton Roy Co., Rochester, NY, USA). Serum HDL cholesterol was determined after precipitation with dextran sulfate. Concentrations of LDL cholesterol were calculated from total cholesterol, HDL cholesterol, and triacylglycerols (Friedewald et al, 1972) . All lipoproteins were determined in duplicate and intra-assay variances were < 5%. Serum leptin was determined in duplicate using a double antibody noncompetitive I 125 immunoradiometric (IRMA) assay (Diagnostic Systems Laboratory, Webster, TX, USA). All samples were run in the same assay with an intra-assay variance of 3.2%. Plasma total homocysteine (free and protein bound) was measured by high-performance liquid chromatography (Waters 510 pump, symmetry C 18 analytical column 250Â4.6 mm, Waters, Vimodrone, Italy) and by fluorescence detection (Waters 474 flourescence detector) similar to methods described by Ubbink et al (1991) . In order to reduce homocysteine and mixed disulfide and deconjugate homocysteine from plasma proteins, 100 ml of plasma were incubated with 10 ml of 10% tri-n-butylphosphine in dimethylformamide at 4 C for 30 min. Then 100 ml of 10% trichloroacetic acid were added and the mixture was centrifuged in an Eppendorf microcentrifuge at 13000 rpm for 10 min. After centrifugation, the mixture was incubated with 1 mg=ml ABDF in borate buffer to derivatize the thiols. The mobile phase was pumped at 1 ml=min and consisted of 0.1 mmol=l potassium dihydrogenphosphate, 0.06 mmol=l EDTA and 12% acetonitrile (pH ¼ 2.1).
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Insulin was assayed in duplicate using a solid-phase 125 I radioimmunoassay (Diagnostic Systems Laboratory, Webster, TX, USA). All samples for each hormone were determined in the same assay to avoid inter-assay variance and were thawed only once for each assay procedure.
Statistical analyses
All data are presented as means and standard deviations. Dependent variables were analyzed using a two-way analysis of variance with gender (men vs women) and time (baseline vs week 8) as main effects. When a significant F-value was achieved, a Fisher's LSD test was used to locate the pairwise differences between means. In order to better understand how leptin relates to weight loss and effects on cardiovascular risk factors, Pearson correlation coefficients were used to determine associations of leptin with other variables. Statistical power ranged from 0.78 to 0.80 at a P-value equal to 0.05 for the various dependent variables. The level of significance was set at P 0.05.
Results
There were no significant changes in dietary energy intake, serum lipids or serum insulin concentrations in the eight control subjects over an 8 week period. The remaining data pertains to the subjects involved in the weight loss intervention. Compared to week 1, dietary energy intake was significantly lower during week 8; however the distribution of carbohydrate, protein and fat was similar (Table 2) . Nutrient intake was similar between men and women with the exception that men consumed significantly more calories and Bvitamins (folic acid, B 6 and B 12 ). All subjects increased their activities levels during the study averaging 30 -45 min four to five sessions per week. The most common mode of exercise was walking=treadmill, especially for women. Men tended to engage in a wider variety of activities including strength training, cycling and competition sports (basketball, racquetball, etc) .
BMI (kg=m 2 ) decreased significantly in women (30.8 AE 7.0 to 29.2AE 6.4) and men (30.0 AE 3.8 to 28.5 AE 3.7), as did the waist-to-hip ratio in women (0.82AE 0.04 to 0.80 AE 0.04) and men (0.93 AE 0.07 to 0.90 AE 0.06). Circumferences were significantly decreased at all sites in women (arms 7 2.1 AE 1.6 mm, chest 7 4.4AE 2.6 mm; waist 7 5.2 AE 3.7 mm; hips 7 3.6AE 3.8 mm; thighs 7 2.2 AE 2.5 mm; and calves 7 0.7AE 1.1 mm) and men (arms 7 1.8 AE 0.9 mm, chest 7 4.4AE 2.6 mm; waist 7 5.8AE 3.2 mm; hips 7 3.6 AE 1.9 mm; thighs 7 2.0AE 1.4 mm; and calves 7 0.9AE 0.5 mm).
Changes in total body and regional composition are presented in Table 3 . Total body mass and fat mass were significantly decreased after 8 weeks in women and men. Fat accounted for approximately 88% of the decrease in body mass in men and 58% in women. Percentage body fat was significantly decreased in men but not women (interaction P ¼ 0.04). The changes in body mass, fat-free mass, and fat mass are shown in Figure 1 . There were no significant time or gender effects for regional composition of the arms. In the legs, there were significant decreases in fat-free mass, fat mass and percentage fat in women and men. In the trunk region, fat mass was significantly decreased in women and men but percentage fat was only reduced in men (interaction P ¼ 0.02). The largest decreases in percentage fat were observed in the trunk region in men.
Serum lipids, serum leptin, serum insulin and plasma homocysteine concentrations are presented in Table 4 . Serum total cholesterol and LDL cholesterol were significantly decreased in men but not women. There were no changes in HDL cholesterol and triacylglycerols. Serum leptin was significantly decreased in women and men. There was no change in serum insulin and plasma homocysteine concentrations.
Baseline leptin was related to baseline fat-free mass (r ¼ 7 0.485), fat mass (r ¼ 0.839), percentage fat (r ¼ 0.871), HDL cholesterol (r ¼ 0.571), and insulin (r ¼ 0.653). The Dleptin was related to the Dbody mass (r ¼ 0.680), Dfat-free mass (r ¼ 0.562), Dfat mass (r ¼ 0.514), and Dhomocysteine (r ¼ 7 0.487). Baseline homocysteine was related to body mass (r ¼ 7 0.509), fat-free mass (r ¼ 0.659), waist=hip (r ¼ 0.650), and total cholesterol (r ¼ 7 0.541). The Dhomocysteine was related to Dleptin (r ¼ 7 0.487).
Discussion
This study examined the effects of moderate weight loss induced by diet, exercise and supplementation on regional body composition, blood lipids, homocysteine, insulin and Weight loss and cardiovascular disease risk factors JS Volek et al leptin. Subjects were studied before and after weight loss, which allowed us to assess the magnitude of change in several CVD risk factors in response to an 8 week weightloss program. Such an approach provides information on the short-range benefits of weight loss as it relates to CVD risk, which may be useful in the design=development of longterm therapeutic strategies to combat obesity and CVD. As a group, the men and women in this study demonstrated moderate reductions in total body fat, waist-to-hip ratio, and serum total and LDL cholesterol. These responses reduce the risk for CVD. Other CVD risk factors including serum HDL cholesterol, serum triacylglycerols, serum insulin and plasma homocysteine concentrations were not significantly altered by the weight loss. The lack of a response in these CVD risk factors could be due to the short-term duration of the study, the nature of the weight loss program, or the fact that baseline values for many subjects were within the normal range for adults. Whether a different approach to short-term weight loss could influence these CVD risk factors was not addressed in this study and should not be ruled out. Figure 1 Changes in body mass (BM), fat-free mass (FFM) and fat mass (FM) in women (n ¼ 12) and men (n ¼ 10) after an 8 week weight-loss program. *Change from pre to post is significant (P 0.05).
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The loss in body weight was similar in men ( 7 4.6 kg) and women ( 7 4.3 kg); however, more of the weight loss was derived from fat in men (85%) than women (60%). Garrow and Summerball (1995) predict from regression analysis that, for a weight loss of 10 kg by dieting alone, the expected loss of fat mass is 71% and, when a similar weight loss is achieved by both diet and endurance exercise, the expected loss from fat mass is increased to 83%, very close to that observed for men in this study. Inclusion of both endurance and heavy resistance exercise training may lead to even greater relative losses in fat mass and preservation of lean tissue. We recently reported that weight loss induced by diet alone resulted in less fat loss (69% of total weight loss) compared to weight loss induced by diet plus endurance and resistance training which resulted in greater fat loss (97% of total weight loss) in overweight men (Kraemer et al, 1999) . Thus, a periodized heavy resistance training program which sufficiently overloads the whole body musculature appears to provide a unique stimulus to spare catabolism of body protein during weight loss. Results from studies using women have reported that combined resistance training and dieting not only attenuates but also maintains or increases fat-free mass (Ballor et al, 1988; Marks et al, 1995; Ross et al, 1995) . Interestingly, very few women performed resistance training in this study compared to men, which could explain the greater preservation of lean tissue and loss of fat mass in the men.
Total cholesterol and LDL cholesterol were significantly reduced (men only) and HDL cholesterol and triacylglycerols were not significantly affected by the intervention. The lack of a statistically significant decrease in total and LDL cholesterol in women was surprising. Gender differences in the responses of total and LDL cholesterol to weight loss are typically not observed, whereas triacylglycerols may decrease to a greater extent in men (Dattilo et al, 1992) . Weight loss by dieting alone has a favorable influence on blood lipoproteins (Dattilo et al, 1992) . In this recent meta-analysis, a decrease of 1 kg in body weight was predicted to decrease total cholesterol by 1.9 mg=dl and LDL cholesterol by 0.8 mg=dl. The decreases in total and LDL cholesterol were larger in this study than would be predicted by weight loss alone from this meta-analysis. Since the addition of exercise (either endurance or resistance training) to a dietary weight loss program does not augment the blood lipid responses to weight loss induced by diet alone in men (Kraemer et al, 1999) or women (Kraemer et al, 1997) , the reduction in cholesterol is probably also a result of changes in the quality of the diet and macronutrient distribution (Anderson et al, 1995) . Although habitual diet was not assessed, dietary nutrient intake during the study was very similar to guidelines for a step 1 diet ( < 30% of energy from fat, < 10% from saturated fat and < 300 mg cholesterol per day), which generally does not have a significant impact on serum triacylglycerols or HDL cholesterol unless associated with a large reduction in body weight (Dattilo et al, 1992) . The fact that HDL cholesterol was maintained during active weight loss on a low-fat=high-carbohydrate diet in these subjects may have been due to the positive effect of exercise on HDL levels (Noakes & Clifton, 2000) .
The significant reduction in circumferences (the largest decreases occurring in the waist region) and the decrease in waist-to-hip ratio would also be predicted to improve overall health since accumulation of fat in the intra-abdominal region is associated with a cluster of metabolic disorders including hyperinsulinemia, insulin resistance, hyperglycemia, and dyslipidemia (Bjorntorp, 1991) . The significant decrease in fat mass in the trunk region detected by DEXA supports this contention. Proportionally, men lost significantly more fat from the trunk region compared to women. This difference in regional fat loss might be related to the lower insulin concentrations in men. There was a significant correlation between the change in insulin from pre to post and the change in total body percentage fat (r ¼ 0.548; n ¼ 22) and trunk percentage fat (r ¼ 0.496; n ¼ 22), indicating that even very small decreases in insulin concentration might still be physiologically important for fat loss (Jensen et al, 1989) .
The independent impact of the supplements (ginseng, chromium and vanadium, multi-vitamins and minerals) on Weight loss and cardiovascular disease risk factors JS Volek et al the results in this study cannot be determined due to the experimental design but should be considered in a weight loss program. Multi-vitamins supplemented with ginseng extract was shown to improve quality of life ratings compared to multi-vitamins without ginseng in a randomized double-blind study in 625 men and women (Caso Marasco et al, 1996) . Chromium supplementation has been recommended because of poor dietary sources and potential benefits for individuals with varying degrees of glucose intolerance (Anderson, 1998) . Perhaps most important were the multi-vitamins, which may have influenced homocysteine metabolism. Elevated serum homocysteine is an independent risk factor for CVD (Stampfer et al, 1992; Wald et al, 1998) . Weight loss has been shown to result in significant increases in homocysteine, which may be due to inadequate intake of folic acid (Bjorntorp, 1991; Henning et al, 1998) . Serum homocysteine was not significantly affected by the weight loss intervention in this study, which may have been due to the multi-vitamin supplements containing 400 mg folic acid (100% daily value), 4 mg vitamin B 6 (200% daily value), and 100 mg vitamin B 12 (1667% daily value). Increases in folic acid through dietary means or supplements with or without vitamins B 6 and B 12 typically reduce homocysteine concentrations in subjects who are weight stable (Riddell et al, 2000; Ubbink et al, 1994) . Thus, weight loss may counteract the expected reduction in homocysteine usually seen with vitamin supplementation by an unknown mechanism. A recent study confirmed that weight loss after gastric restrictive surgery increased homocysteine concentrations and altered dose -response relationship between both serum folate and vitamin B 12 with homocysteine levels (ie higher serum folate and B 12 levels are required to maintain the same homocysteine level in those losing weight; Dixon et al, 2001) . Therefore, vitamin supplementation or emphasis on folic acid-rich foods may be an important component of a weight loss program to prevent increases in homocysteine. The precise role of leptin in the regulation of energy balance in humans is unknown. We measured leptin in order to help elucidate the role leptin might have in mediating some of the responses to weight loss, in particular blood lipid responses (Henning et al, 1998) . Similar to others, we observed significantly higher leptin concentrations in women and reductions in leptin that were highly correlated with fat loss (Niskanen et al, 1997) . There is some indication that leptin is also related to lipoprotein metabolism independent of weight loss (Halle et al, 1999) . Baseline serum leptin concentrations were significantly related to total cholesterol and triacylglycerols in obese patients with type 2 diabetes who began a weight loss program of caloric restriction and exercise. The Dleptin ( 7 29%) after weight loss was also significantly related to Dtotal cholesterol ( 7 16%) and Dtriacylglycerols ( 7 66%; Halle et al, 1999) . In this study only HDL cholesterol at baseline was related to leptin. We recently observed a 55% reduction in serum triacylglycerols in response to a high-fat diet and significant correlations between Dleptin and Dtotal cholesterol and Dtriacylglycerols were noted (unpublished findings). The relationship between leptin and lipoprotein metabolism thus appears to be partially dependent on the macronutrient distribution of the diet. Unique to this study was the significant inverse relationship between the change in leptin and the change in homocysteine (r ¼ 7 0.487). The potential mechanism associating leptin and homocysteine metabolism is unknown but could be linked to energy balance since weight loss decreases leptin (Niskanen et al, 1997) and may increase homocysteine (Borson-Chazot et al, 1999; Henning et al, 1998) .
While few studies have examined the combined effects of diet, exercise, behavior modification and supplements on weight loss, the significant fat loss and reductions in total and LDL cholesterol observed in this study were very similar to the results of a recent study of similar duration examining the effects of a fitness club weight loss program that incorporated these same weight loss principles (Kaats et al, 1998) . In summary, overweight subjects that made moderate changes in self-selected diet, exercise patterns and supplementation in a free-living environment demonstrated improvements in total and regional body composition and blood lipid profiles. Despite a lack of change in HDL cholesterol, triacylglycerols, homocysteine and insulin, the overall effect was favorable in terms of CVD risk. Such a holistic approach to weight loss may be important to optimize fat loss and decrease CVD risk. For example, including regular exercise, especially resistance training, may promote fat loss and preserve lean tissue. This may be particularly important for women who tend to gravitate toward endurance activity as their primary mode of exercise. Supplementation with multi-vitamins, especially folic acid, may be important during weight loss because of its beneficial effects on homocysteine.
